In March 2005, a preliminary Posidonia oceanica transplantation was carried out as a restoration measure prior to enlargement of a marina. Seagrass sods of approximately 1 m 2 surface area and 40 cm depth (including rhizome and sediment) were cut free from the area expected to be impacted by harbor expansion. These fragments were transferred to nearby areas lacking P. oceanica, viz. in bare areas within the nearest meadows and at the same depth as the donor site (;10 m). The present work was carried out with the aim of evaluating the feasibility of this technique through estimating the vitality of transferred plants (measured as density and cover) for comparison with plants from a nearby meadow with similar conditions. There was a high level of mortality among transplants and a considerable degradation of the shoots that remained alive at the time of the sampling. When results were expressed in terms of global density, the rate of survival of transplanted shoots decreased to 15% (50 vs. 361 shoots m -2 of meadow in transplant and control plots, respectively). These results indicate that transplant techniques for P. oceanica on a large scale are not feasible.
Introduction
Seagrass meadows form key ecosystems throughout temperate and tropical waters. In recent decades, seagrass loss has become an increasing problem worldwide, owing mainly to the increasing desire of humans to live near the coast. In turn, this gives rise to extensive infrastructure development as well as modifications of the marine environment, including discharges of pollution directly into marine waters (Shepherd et al. 1989 , Walker and McComb 1992 , Short and Wyllie-Echeverria 1996 .
In the Mediterranean Sea, the sublittoral zone is dominated by the seagrass Posidonia oceanica (L.) Delile. P. oceanica is a slow-growing climax species (Duarte 1991) that forms some of the most productive seagrass meadows worldwide (Pergent et al. 1994) . P. oceanica decline as a result of human interference is widespread (Ardizzone and Pelusi 1984 , Marbà et al. 1996 , Ferná ndezTorquemada et al. 2005 . Because of the ecological importance of P. oceanica, its sensitivity to human pressures and the low capacity to recover following an impact, P. oceanica meadows are protected under Habitat Directive (97/62/CEE) in EU countries and national legislation of some countries, such as Spain and France. Nevertheless, in spite of this protection, P. oceanica meadows are still subjected to different impacts that cause regression of this community.
Since the 1940s, numerous projects of varying size and complexity have attempted to restore seagrass habitats (Addy 1947 , Phillips 1974 , Churchill et al. 1978 , Fonseca et al. 1996 , McEachron et al. 2001 , Paling et al. 2003 and to evaluate morphological and physiological responses to transplantation (Kenworthy and Fonseca 1977 , Phillips and Lewis 1983 , Dennison and Alberte 1986 , Molenaar and Meinesz 1995 . Seagrass transplants have been undertaken mainly in the USA and Australia. In the USA, seagrass habitats are protected under Section 404(c) of the Clean Water Act (33 USC 1341 (33 USC -1987 . According to these regulations, any person who undertakes any activity which may potentially impact seagrasses must mitigate for those impacts by first avoiding as many potential impacts as practicable, second, minimizing any impacts that will occur, both spatially and temporally, and finally, replacing the functional values of the habitat lost due to impacts (Davis and Short 1997) . In Australia, no similar regulation exists, but a significant effort has been made to restore seagrass habitats (Paling et al. 2001a,b) . Most of the transplants have been undertaken using pioneer species with fast growth rates and wide environmental tolerances (Sheridan et al. 1998 , Short et al. 2002 . Transplants have usually been confined to limited areas due to the difficulty of restoring large expanses of seabed (Fishman et al. 2004 , Seddon 2004 . In these studies, results were very variable, depending on the species (Fonseca et al. 1998) , and even within the same species depending on the techniques used and environmental factors (depth, season, substratum, water movement, bioturbation, or infections).
In the Mediterranean Sea, where several seagrass species are present, transplants have been focused mainly on the climax species Posidonia oceanica with proportionally less effort to restore Cymodocea nodosa (Ucria) Asch. or Zostera spp. meadows. The first transplants of P. oceanica were implemented by an NGO in France between 1972 and 1981. In these preliminary works, around 70,000 shoots were transplanted, but most of them died within a few months due to storms or infection (Cooper 1982) . A high variability in survival (0-96%) was also observed in trials undertaken by the University of Nice , 1993a ,b, Molenaar and Meinesz 1992 , 1995 , Molenaar et al. 1993 , Genot et al. 1994 and the University of Liege ). There is a strong variability depending on the season , the depth of donor beds and transplants , the origin of plants (Meinesz et al. 1993a) , and sediment type. A smaller number of trials have been undertaken using seeds (Cooper 1982 , Balestri and Bertini 2003 . All these trials have been conducted on a small scale (between 200 and 1000 shoots) and, usually, inside the meadow to guarantee optimum environmental conditions for the development of the plants (A. Meinesz personal communication) . Despite taking the utmost care, seagrass restoration remains an inherently complicated process and has not yet been demonstrated to consistently prevent habitat loss (Fonseca 1994) .
In the Valencia region, legislation applied to the building of marinas was very restrictive between 1989 and 1999, and construction or expansion of existing marinas was prohibited. Between 1999 and 2002 legislation changed and enlargement of existing marinas is now permitted. However, the requirements are very restrictive since planning permission to expand a marina will only be granted if it can be proved that no impact on coastal dynamics and marine communities will result. However, in spite of these restrictions, most existing marinas have put forward plans to expand, and many of these are on Posidonia oceanica meadows. One such project has been proposed by the Marina ''Luis Campomanes'' (72,251 m 2 surface area and 542 moorings), and it has been estimated that this project will cause the destruction of 20 ha of P. oceanica meadows and will have an adverse effect on another 20 ha (Ferná ndez-Torquemada et al. 2005) . In order to meet the environmental requirements, the company promised to transplant the affected meadows with the objective that, at the end, no reduction of the meadow surface would occur. In spite of the fact that no previous large scale transplants have been undertaken in the Mediterranean, this condition was accepted by the environmental authorities. However, the proposal proved to be controversial and it was decided to perform a pilot transplant to determine the feasibility of the technique.
The objective of this work is to present the results of this medium scale (200 m 2 ) transplantation of Posidonia oceanica and to discuss whether (1) large scale transplants of slow growing seagrasses such as P. oceanica are feasible, (2) they can contribute to the recovery of seagrass meadows, or (3) they represent a way of minimizing negative impact on meadows. With this aim, two transplant receiving localities were selected; at the same time, another two areas at the same depth were selected to act as reference or control localities (Figure 1 ). The transplant sites were 325 m and 500 m from the marina. The control sites were situated 600 m and 1400 m from the marina. At each site, we measured 18 replicates of shoot density by counting the number of live and dead shoots within a 40=40 cm frame randomly located in the Posidonia oceanica bed. We also measured coverage by placing a 10 m tape on the seafloor and estimating the percentage of bottom covered by dead and living P. oceanica.
Materials and methods
All data obtained were subjected to analysis of variance (ANOVA, after testing for homogeneity of variance by Cochran's test) in order to determine if significant differences in measured variables occurred between the transplant and control areas (Underwood 1997) . When the ANOVA was significant for any factor, the StudentNewman-Keuls (SNK) multiple comparison test was applied to determine specific treatment differences. All calculations were performed using the GMAV.5 program (University of Sydney, Underwood and Chapman 1997) with a minimum significance level established at p-0.05.
Results
Seven months after transplanting, the density of living Posidonia oceanica shoots (Figure 2 ); these first data were treated as initial shoot densities of the transplant units. However, in spite of this initial loss, average shoot density in the transplant areas appeared to remain relatively stable during the 3 years of study (Figure 2 , Table 1 ). Average density of dead shoots (Figure 2 ) over this time period followed a reverse trend, with significantly higher values in transplant localities (207-313 shoots m -2 vs. 50-129 shoots m -2 at transplant and control localities, respectively). However, we observed a significant increment in the dead shoot density in the eastern control locality during the last year, which may have been caused by construction work connected with the marina enlargement.
Moreover, Posidonia oceanica cover and dead rhizomes cover were significantly different between control and transplant localities during these 3 years ( Figure 3 , Table 1 ). Posidonia oceanica cover was significantly lower and dead rhizomes cover higher at transplant localities (23-46% and 45-53%, respectively) than at control localities (73-99% and 1-10%, respectively). When all these results are expressed in terms of global density (Figure 4) , the percentage survival of transplanted shoots decreases to 15% (30-80 vs. 255-396 shoots m -2 of sea floor).
Discussion
The objective of the pilot transplants was to analyze the feasibility of a larger scale transplantation to avoid or mitigate the loss of near 40 ha of a Posidonia oceanica meadow that will be destroyed due to the expansion of a marina. The results obtained here demonstrated a very high mortality (around 85% of the transplanted shoots) in the first 7 months and subsequent persistence of surviving shoots through 31 months of the experiment. These findings were unexpected. Transplants were located at the depth of origin, and inside small sandy patches surrounded by meadow; it may be assumed that environmental conditions were optimum for transplant survival. Mortality in other Posidonia oceanica transplants has been highly variable (Table 2) . Infections or losses due to inadequate anchoring that, in other cases, have been the main sources of mortality seemed to have a lower relevance in our experiment. The high mortality we observed (in comparison to other efforts implemented using similar techniques; Paling et al. 2001a,b) may be related to stress during the transplanting, including the washing away of sediments during transport, or the greater sensitivity of P. oceanica in comparison to Australian Posidonia species.
It took )100 working days to perform a transplant of approximately 200 m 2 of meadow. The amount of time (and money) that will be needed to relocate 40 ha of the meadow will render this objective untenable regardless of the issue of survival. It would appear difficult to improve the transplant technique sufficiently to obtain a rapid and affordable system capable of transplanting hectares of meadow. Another crucial factor is the difficulty in finding destination localities where meadows are absent, but which otherwise have environmental conditions suitable for survival of the transplants. For small plots, success may be more readily guaranteed by using small sandy patches in an existing meadow. However, for large scale transplants, unvegetated bottom areas where environmental conditions are sufficiently favorable for seagrass growth but are not naturally colonized may be difficult to find. Moreover, large unvegetated areas are more likely to be found some distance from donor beds thus increasing transplant stress as well as presenting logistical problems.
Autecological differences among seagrass species also play a role in the success of transplants. In southeastern USA, for example, restoration of one of the most frequently affected seagrass species, Thalassia testudinum (Ehrenberg) Asch., takes years because of its exceptionally slow growth rate. As a consequence, managers may choose to start restoration by planting other species of seagrass that cover the bottom more quickly. Posidonia oceanica grows more slowly than T. testudinum, and experience with an alternative species (i.e., Cymodocea nodosa) is much more limited. Fonseca (1992) summarized five main goals for a seagrass mitigation or restoration project: (1) development of persistent vegetative cover, (2) equivalent area of vegetative cover gained for that lost, (3) increase in area where possible, (4) replacement by the seagrass species that was lost (in-kind mitigation), and (5) development of Table 2 ). From a management point of view, it is better to protect existing meadows. Even in the case of meadows in regression, it has been observed that recovery may be possible when disturbance has disappeared (GonzalezCorrea et al. 2005) . Efforts must be made to reduce the pressure on the meadows rather than trying to restore them. Managers should be reluctant to permit harvest of planting material from existing healthy beds out of concern for long-term effects. For fast growing species, a single harvest is unlikely to produce chronic impact on donor beds, but this concern is appropriate for species with slow population growth rate (Fonseca 1994) .
In summary, our results indicate that transplant techniques for Posidonia oceanica on a large scale are not feasible. P. oceanica beds constitute a complex and fragile ecosystem that requires many decades to establish. Efforts to transplant seagrasses should only be attempted for restoration, i.e., recovering areas where these species existed previously and where environmental conditions are favorable again for their reimplantation. In conclusion, it would be highly inappropriate to recommend the destruction of new extensions of meadows for their possible transplantation to other areas solely as a compensatory measure.
